"3D Measure models of electronic maps based on DEM"  by Peng, Fang-si & Jing, Xi
 www.elsevier.com/locate/procedia
 
The 6th International Conference on Mining Science & Technology 
"3D Measure models of electronic maps based on DEM"  
Peng Fang-sia,b, Xi Jing c  
 
a
 School of Resource and Safety Engineering, China University of Mine and Technology, Beijing 100083, P. R. China  
b
 Shandong Provincial Bureau of Land & Resources, Jinan 250014 ,P.R. China  
c
 Geomatic Institute, Xi’an University of Science and Technology, Xi’an 710054 ,P.R. China  
Abstract 
It is often necessary to measure characteristics of map feature in maps. The characteristics contains coordinate, angle, length, 
distance, area, cubage, slope, density, gradient and intensity, etc.. Aiming at problem of difficulty for 3D measure maps elements 
in ordinarily electronic maps, the idea of electronic maps based on DEM is brought forward. The maps make 3D DEM and 2D 
electronic maps to vertically integrate, and to take advantage of each other, and to advance spatial representing map measure 
ability of electronic maps, and to strengthen application potential of DEM. Method of vertically integrating grid DEM and 
electronic maps is researched, and 3D measure models of electronic maps based on grid DEM is studied. The powerful data 
processing ability of computer has created excellent conditions for application of model methods. It is an important aspect of 
cartology study to establish and apply good model. That can promote accuracy and speed of map measure, can promote the 
application of depth analysis of maps information and can exert the benefit of maps better. 
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1. Preface 
It is often necessary to measure characteristics of map feature in maps. The characteristics contains coordinate, 
angle, length, distance, area, cubage, slope, density, gradient and intensity, etc.. In traditional paper maps 
measurement, simple equipment and measuring tools are used commonly. It is often time-consuming, but difficult to 
guarantee accuracy. For example, a straight line length or distance is measured by compasses or ruler, and then the 
length is converted to acquire actual length by a ratio. The curve measurements required opisometer tracking or 
straight-line approximation and other methods to achieve. Area measurement should be devoted to measurement 
equipment such as planimeter, the terrestrial surface area, volume measurement, etc. is even more complicated, 
more difficult. In order to solve this problem, people have explored a lot. Taking area measurement as an example, 
researchers have tried a series of methods like machinery, optoelectronics, and weighing. Although lots of results 
were obtained, the accuracy and speed exist certain limitations. 
2. DEM with electronic map integration 
2.1. The conception of DEM electronic maps 
The emergence of electronic maps provided new conditions and methods for the map measurement. It is the 
characteristics of integration between electronic map and computer systems, that can take full advantage of the 
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 computer's information processing function, can mine the potential map information analysis competence, then can 
make quantitative analysis on spatial information[1]. Not only can the map measurement automation be realized in 
the electronic map, but also as a result of eliminating measurement error, measurement accuracy and speed 
improved markedly. Its accuracy depends largely on the accuracy of maps or map scale. However, by the effects of 
traditional cartography technology, the current paper maps and electronic maps is two-dimensional, and only two-
dimensional topography symbols such as contour lines, elevation point with notes can be used to express topography 
surface, so that we can only carry out two-dimensional map measurement.  
The plane map coordinates and elevation can be measured using three-dimensional analysis in electronic map 
automaticly. But usually, the plane map coordinates can be measured automaticly, while the elevation can not. 
Therefore considering in the electronic map overlayed digital elevation models, in order to achieve automatic 
elevation measurement, the electronic maps are DEM-based. Electronic map DEM-based realizes the vertical 
integration between three-dimensional DEM and two-dimensional electronic map, because their advantages 
complement each other, which not only greatly enhances the performance ability and measurement level of 
electronic maps, but also greatly expands the DEM potential applications. 
2.2. Integration method between DEM and electronic map 
DEM is the digital expression of regional terrain that can be a series of ground-plane location and elevation 
components. DEM data according to their spatial distribution can be divided into discrete distribution and grid 
distribution, that is grid DEM. For vertical integration of DEM and the electronic map, it is important to ensure that 
they are under the same framework of spatial reference; in order not to affect the map symbols expression of 
features and topography, the distribution regular grid DEM and the electronic map integration are overlayed.  
On one hand, the size of grid depends on the resolution of the corresponding electronic map (In general, the 
higher resolution digital map, the higher accuracy expression of terrain features that is more sophisticated, then the 
smaller grid); On the other hand, it depends on the complexity of regional map topography (In general, the terrain 
more complex or more broken terrain to express without distortion, the smaller the grid should be). In electronic 
map, taking into account the actual terrain in some places more complicated, while others are relatively simple in 
some places, quadtree structure can be used to express grid, that is, large grid to express simple terrain, and with 
small grid to express complex terrain. 
In cartography, grid points can be set to single layer, and be turned on or off accordding to necessity. 
3. Measurement model 
Automatic measurement on the electronic map is the operator of identifing the features on the screen, extracting 
the geometric data of the features, and then calculating geometrical characteristic automatically by computer 
program. The only thing done is identifing the features on the screen, and other work done automatically by 
computer. Fast and less error, therefore, the next step is to explore the mathematical model of map measurement. 
3.1. The basic measurement 
The basic measurement is to measure the plane coordinates and elevation. This is also the precondition of three-
dimensional map measurement on the electronic map based on DEM. In the two-dimensional electronic map, 
automatic measurement can be the plane coordinates, but not automatic measurement of the elevation. After the 
integration between the DEM and electronic map, we can achieve the automatic measurement of three-dimensional 
coordinates, therein, an automatic elevation interpolation calculation is important. Grid interpolation usually adopts 
conicoid fitting interpolation algorithm, conicoid fitting does not require conicoid including reference points strictiy. 
However, the method requires to minimize the sum of the squares of the distances of the points from the conicoid, 
that is, to comply with the law of least square method. Interpolation methods include bilinear polynomial 
(hyperboloid) and bi-cubic interpolation polynomial (three surface) interpolation [2-4]. 
For each of the points to be inserted, we can choose the n neighboring data points (which can be called as a 
reference point) to make a polynomial conicoid, surface fitted can choose the form as follows: 
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In the formula: X, Y, Z are the reference point coordinates, m is the order of polynomials power, a
 ij are 
parameters to be determined. 
The polynomial parameters are obtained by method of least squares using the selected reference points.  
In the interpolation calculation, when the surrounding terrain is simple, the region and number of near points can 
be automatically selected. However, when the surrounding terrain has marked change, preferably the near points can 
be manually selected, based on the reference two-dimensional electronic map and taking into account the 
geomorphologic characteristic to ensure that no formlines through the fitting surface. 
3.2. The two-points relationship measurement 
The two-points relationship measurement can include the measurement values of azimuth angle, horizontal 
distance, slant range, elevation difference and slope etc. In the two-dimension electronic map horizontal distance 
and azimuth coordinates can be automatically measured between any two points, but slant range, elevation 
difference and slope values can not be measured. They can be obtained based on the three-dimension coordinates of 
one point. After the three-dimensional coordinates of two-points measured by methods above, the slant range, 
elevation difference and slope values can be determined using the following equation: 
Slant range                         212212212 )()()( HHYYXXL −+−+−=                                              （2） 
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In the formula: ( 111 ,, HYX ) and ( 222 ,, HYX ) are the three-dimensional coordinates of two-points. 
3.3. Curve length measurement[5] 
Horizontal distance of curve and fold line projected in gauss projection plane can be measured in  electronic map, 
and the actual length of earth natural surface can also be measured. The former is two-dimensional measurement, 
the latter is three-dimensional measurement.  
Set ( 111 ,, HYX ) ( 222 ,, HYX )⋯( iii HYX ,, )⋯( nnn HYX ,, ) for three-dimensional coordinates of a curve or n vertex point 
in a line. The horizontal length of the curve:  
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The actual length calculation of the curve is more complicated, needing to consider the impact of ups and downs 
of the curve in the ground. Let a curve be composed of m-segments, of which a segment（ iii HYX ,, ）（
111 ,, +++ iii HYX ）with the DEM grid edge of the intersection for ),,( jjjj HYXP . The actual length of this line is: 
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In the formula n is the number of intersection. 
And the actual length of the segment can be calculated. The formula for the calculation: 
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If the line feature contains a number of entities or elements, firstly identifying them separately, secondly 
calculating the distance between them, finally the length of the line feature can be obtained by sum of each target 
length. 
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 3.4. Area measurement[6] 
Area measurement includes polygons area calculation and surface area calculation. The former is two-
dimensional measurement, the latter is three-dimensional measurement. Polygons area which is actually the Gauss 
Projection surface area. Firstly the area feature is identified on the screen, secondly the vertexs coordinates of area 
features are extracted, finally the area is obtained by using a certain algorithm, such as the trapezoidal method. 
Trapezoidal quadrature formula: 
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In the formula iiii YXYX ,,, 11 ++  are coordinates of two adjacent points; n is the vertexs number of contour line. 
Surface area of a region refers to the Earth's natural curved surface area. Its measurement procedures contained 
the steps as follows: firstly the area feature is identified on the screen, secondly the vertexs coordinates of area 
features are extracted, as well as the three-dimensional coordinates of grid points within the scope and intersection 
points between the segment and grid edge, as well as the elevation of the vertexs, finally the surface area are 
calculated by the following methods.  
For the grid containing the feature lines or scope lines, it is broken down into triangle or quadrilateral, for the grid 
without the feature lines, it is broken down into four triangles by the four corner elevation from the average height. 
The slope area of triangle through the three vertices is calculated by Helen formula,  the area of several triangles is 
accumulated to get the practical surface area. Helen formula: 
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When the region measured contains several area features, the quadrature of area feature is got for each area, the 
final area are the sum of the area of several area features. 
3.5. Volume measurement[7] 
The volume refers to the volume of space between the Earth's natural surface and the reference plane in the 
region. Its measurement procedures include the steps as follows: firstly the area feature is identified on the screen, 
secondly the vertexs coordinates of area features are extracted, as well as the three-dimensional coordinates of grid 
points within the scope and intersection points between the segment and grid edge, as well as the elevation of the 
vertexs, finally the volume is calculated by the following methods. 
The volume is the cumulative volume of the four prisms (the grid without characteristic line) and the three prisms 
(the grid with characteristic line). The upper surface of four prisms uses parabola hyperbolical surface fitting 
method; the upper surface of three prism uses slope surface fitting method; the base area uses the surface area 
method. 
The formula for calculating the volume: 
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In the formula 3S and 4S  are the base area of three and four-prism, respectively. 
The excavation, fill and soil loss can be calculated based on new and old DEM in the project. 
3.6. Intervisibility analysis 
Terrain features are also important factors, having ignored role for topographic analysis. For example, features 
and forest vegetation on the ground have a major impact on the precise intervisibility analysis as the rivers for the 
passable analysis. Using electronic map DEM-based, we can better achieve many of the basic measurement and 
analysis of terrain, such as the fluctuant terrain analysis or cross-section analysis, slope analysis, intervisibility 
analysis and passable analysis. The article focused on the model of intervisibility analysis.  
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Set ),,( AAA HYXA and ),,( BBB HYXB  for any two ground points, ),,( iiii HYXP  for the intersection point of the line ab 
and the grid side. aP  is set for the highest point of intersection, then 
}{ ia HMAXH =                                                                                    （11） 
Set ABS , ABh for horizontal distance and elevation difference, then the gradient of line AB is: 
AB
AB
S
h
=αtan                                                                                           （12） 
Set AaS for horizontal distance of point A to point aP , then the elevation difference is: 
αtan' ×+= AaAa SHH                                                                          （13） 
If 'aa HH ≥ , then A and B are intervisible, otherwise, not intervisible. 
In accurate intervisibility analysis, if 'aa HH ≥ , we should also consider whether there are features or vegetation 
at point aP , in order to determine whether the features or vegetation have impact on the intervisibility. 
4. Conclusion 
Different types of spatial data have their own advantages in geographic information expression and analysis. The 
advantages can complement each other, if using the right integration method, and then can play the better role to 
solve the synthetical problem [8-12]. Electronic map DEM-based achieves the vertical integration of three-
dimensional DEM and two-dimensional electronic map, not only greatly enhance the spatial performance and the 
measurement level of electronic maps, but also greatly expands the potential applications of the DEM. It can also be 
carried out to comprehensive analysis of the map, and need to be further explored.  
Model method is an effective and promising method for map analysis. In the conventional map analysis, as a 
result of the complexity of model establishment and calculation, to a certain extent, this has hampered the 
application of modeling methods. The powerful data processing capacity of computer creates an excellent condition 
for the model application. To establish and apply a good model, which can promote the accuracy and speed of map 
measurement, as well as the in-depth analysis of map information and the effectiveness of map, the model method 
study plays an important role in field of cartography. 
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